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Abstract 
Anaerobic digestion (AD) process is a widely applied method for biogas production and wastewater treatment of 
palm oil mill effluent (POME). AD foaming is one of the major problems that occasionally occur in many biogas 
plants, since it affects negatively the overall digestion process. The effect of individual substrates and intermediate 
compounds on foaming potential in POME anaerobic digestion systems was investigated. Effect of interaction of 
each compound was investigated by fractional factorial design and tested ,for foaming potential in both pure water, 
POME and POME under AD. The results showed increased concentration of substrate and intermediate compounds 
in waster could create more foaming tendency but not effect on foaming stability. Each compound in a complex 
mixture showed that BSA, Na+, lactic acid and cellulose has foaming tendency in water while no created foaming 
stability. Na-oleate and Na2+ showed strong foaming tendency while butyric acid, acetic acid, Mg2+, SDS, peptone, 
gelatine and BSA showed more effect on foaming stability in POME. In AD systems found that highest methane 
production about 11.15-15.95 L-CH4/L-POME and yield about 179.05-256.08 mL- CH4/g-VS added. BSA, gelatine, 
oil palm and lactic acid has highest foaming stability in AD systems. 
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1. Introduction 
The production of palm oil, results in the generation of large quantities of polluted wastewater 
commonly referred to as palm oil mill effluent (POME). Typically, 1 ton of crude palm oil production 
requires 5–7.5 ton of water; over 50% of which ends up as POME [1]. POME is a viscous,  brownish  
liquid  containing  about  95–96%  water,  0.6–0.7% oil  and  4–5%  total  solids  (including  2–4%  SS,  
mainly  debris  from fruit).  It is  acidic  (pH  4–5),  hot  (80–90  o C)  with  average  chemical oxygen  
demand  (COD)  and  biological  oxygen  demand  (BOD)  values of 50,000  mg/L  and  25,000  mg/L,  
respectively and contains appreciable amounts of plant nutrients [2,3]. Since POME contains high level of 
organic matters and thus, adoption of anaerobic digestion in the first stage of the treatment process is a 
necessity to convert the bulk of the wastes to biogas. Biogas production yield from POME was ranged 46-
350 mL-CH4/g-VS with methane content of 45-67% and organic reduction of 65-90% [4-7]. However AD 
foaming is one of the major problems that occasionally occur in many biogas plants, since it affects 
negatively the overall digestion process [8]. Foaming can also result in an inverse solids profile having 
higher solids concentrations at the top of a digester, creation of dead zones and reduction of the active 
volume of the digester hence resulting in sludge, which has not received the same degree of stabilization 
[9-12]. So far, there has never been a thorough investigation of a foaming problem in a POME-based 
digester, which is the main anaerobic digestion technology used in Thailand.  There is a need for 
investigation of the foaming causes in this system in order to find the method to avoid as well as to 
resolve the problem. This work aims to identify the potential causes of foaming in POME digesters. The 
specific compounds commonly present in a POME digester are investigated for their effects on foaming 
potential in POME.  
 
2. Materials and Methods 
 
2.1 Preparation of the feedstock  
 
POME and anaerobic digester sludge used in this study were collected from palm oil mill plant, in 
southern of Thailand. POME was stored at the temperature of 4 o C for later use. The characteristics of 
POME are presented in Table 1. Sludge was prepared active in a container closed by lid and there was a 
constant production of biogas before being used as the mixed culture. 
 
2.2 Physicochemical effect of substrates and intermediate compounds in a complex mixture on foaming 
potential 
 
The effect of individual substrates and intermediate compounds on foaming potential was investigated 
in both water and POME. The foaming potential was measured as foaming tendency and foam stability. 
Nineteen compounds were chosen, which are proteins (bovine serum albumin (BSA), gelatine, peptone 
and casein), carbohydrates (cellulose, starch and sucrose), lipids (palm oil, sodium oleate and glycerol), 
Trace metal (Ca2+ and Mg2+), soluble microbial products (SMPs) (butyric acid, lactic acid and propionic 
acid) and ammonia.  The concentration of each compound was chosen in the range of 0.0–8.0 g/L adding 
into 200 mL of pure POME and water. This is in accordance with its typical concentration that is 
commonly found in POME digesters. In a co-digestion system, several substrates and intermediate 
compounds are present in a digester at the same time, which can affect foaming in the digester differently. 
To investigate the effect of each compound in a complex mixture, a fractional factorial design of 
experiments was carried out, where all the compounds involved was tested at different concentrations. 
Assuming that the interaction between each compound is insignificant, the design matrix could be 
reduced to 20 combinations of 19 compounds in manure as shown in Table 2. From each test 
combination, the foaming potential was measured. Expert® software (Stat-Ease Inc., USA) used for 
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experimental design the influence of each compound on foaming potential in POME. The foaming 
potential was determined as foaming tendency.  
 
Table 1. Characteristics of POME 
Parameter Unit POME 
pH - 4.71 
TS g/L 57.57 
TVS g/L 45.78 
COD g/L 22.30 
Lipid g/Kg 64.90 
Nitrogen g/Kg 44.00 
VFA g/L 9.73 
Alkalinity g-CaCO3/L 0.55 
 
 
2.3 Physicochemical effect of intermediate compounds foaming potential under AD 
 
POME was evaluated for biochemical methanogenic potential (BMP) in a 500 mL serum vial with a 
working volume of 200 mL and intermediate compounds (Table 2) were and to BMP bottle [14]. 
Adjusting pH to neutral with NaHCO3 and fleshed with N2:CO2 mixed at 80:20 ratios. Incubate               
at 35±3oC for 45 day. All tests were carried out in duplicate. From each test combination, the foaming 
stability in system was measured.  
 
2.4 Analysis and assay 
 
The foam formation inside the serum bottles was recorded daily. The volume of foam produced high 
multiplied with the surface area of the bottle, which can affect foaming in the serum bottle differently. All 
cumulative biogas production is measured via water displacement method, until less than 5% of biogas 
production was detected. Methane and carbon dioxide were analysed by GC-TCD fitted with 3.3 ft. 
stainless steel column packed with Porapak T (60/80 mesh). Helium was used as a carrier gas at a flow 
rate of 35 ml/min. The temperatures of the injection port, oven and detector were at 120, 40 and 100°C, 
respectively. The gas sample of 5 μL was injected in duplicate. Total solids (TS) were determined by 
drying the samples at 103–105 oC to constant weight according to [14]. There after the dried samples 
were ignited at 550 oC to constant weight in order to determine the volatile solids (VS) [14]. Total 
nitrogen (TKN) was measured Kjeldahl method. For physicochemical effect of substrates and 
intermediate compounds in a complex mixture. The foaming potential of the solution was determined by 
an aeration method modified from the Bikerman method described by [15]. The apparatus was comprised 
of an Imhoff settling cone with a diffuser placed at the bottom. A 50 mL sample was aerated in the 
settling cone with the air-flow rate of 30 mL/min. for 10 minutes. The foam height in the settling cone 
was measured right after aeration was stopped and again at 1 hour later. The foaming potential was 
defined using two parameters: foaming tendency and foam stability. The foaming tendency (mL-
foam/(mL-air·min)) was calculated from the volume of foam (mL) right after aeration divided by air-flow 
rate (mL/ min). The foam stability was determined as percentage of foam remaining in the settling cone at 
1 h after aeration compared with the volume of foam right after aeration. All tests were carried out in 
duplicate. 
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3. Results and Discussion 
 
3.1 Physicochemical effect of substrates and intermediate compounds in a complex mixture on foaming 
potential 
 
BSA, Na+, lactic acid and cellulose in water has foaming tendency potential but has no foaming 
stability. POME had a foaming tendency and stability around 51.67 mL-foam/mL-air min and 3.23 
cm3. However addition of Na-oleate and Na2+ in POME show more foaming tendency. Addition of 
butyric acid, acetic acid, Mg2+, SDS, peptone, gelatine and BSA show strong foaming stability in 
POME.  Foaming tendency of POME with addition of substrate and intermediates according to design 
in Table 2, all run create in ranged of 38.33-51.67 mL-foam/mL-air min. While foaming stability in the 
ranged of 7.74-52.17% which BSA, gelatine, peptone, SDS, Mg2+, acetic acid and butyric acid showed 
more foaming stability. The effect on foaming potential of oil palm decrease foaming stability while all 
run increase foaming tendency. High protein, Ca2+, Mg2+, acetic acid, butyric acid, NH4+ and SDS  in 
POME increased strongly foaming (Fig. 2), while oil palm decrease foaming stability in POME (Fig. 
3). For testing foaming potential in POME with the effect of individual (0.50, 1.00, 1.50 and 2.00 g/L) 
gelatine, (2.0, 4.0, 6.0 and 8.0) oil palm, (0.5,1.0, 1.5 and 2.0 g/L ) glycerol, (1.0, 2.0, 3.0 and 4.0) 
avicel, sucrose, (0.5,1.0, 1.5 and 2.0 g/L ) Ca2+ and (0.5,1.0, 1.5 and 2.0 g/L ) Mg2+ at difference 
concentration found that when increase concentration no effect foaming tendency, while when increase 
concentration has effect on foaming tendency accept Mg2+. 
 
Table 2. Experimental set-up for the effect of feedstock composition on foaming. 
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Fig. 1 Comparison of foaming tendency of substrate and intermediates compounds in water and POME. 
 
 
Fig. 2 Change in foaming stability of POME.  Fig. 3. Change in foaming tendency of POME. 
 
3.2 Physicochemical effect of intermediate compounds foaming potential under AD 
 
In AD run 1, 2, 5, 10, 12, 13, 14 and 20 showed the highest foaming stability throughout the AD found 
that major compound were BSA, gelatine, oil palm and lactic acid. Run 3, 4, 6, 9, 15, 16, 17, 18 and 19 
showed low foaming stability, found that few compound were casein, BSA, NH4+ and acetic acid. For 
Run 7, 8 and 11 showed the highest foaming tendency in the initial AD. The highest methane production 
obtains run 2, 5 and 7 about 11.15, 14.67 and 15.95 L-methane/L-POME and methane yield was obtained 
179.05, 235.51 and 256.08 mL-methane/VS added respectively. While run 4, 6 12, 13, 14, 15, 16, 17, 18 
and 19 were obtained low methane production in the rang 0.89-3.47 L-methane/L-POME and low 
methane yield were obtained in the rang 14.28-55.79 mL-methane/VS added respectively. 
Fig. 4 Methane production of  POME all run .  Fig. 5 Methane yield of POME all run. 
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4. Conclusion 
  
The POME had a foaming tendency and stability around 51.67 mL-foam/mL-air min and 3.23 cm3. 
Low concentration of glycerol stronger increased of foaming tendency in water than gelatine, Mg2+ and 
sucrose respectively. Low concentration of Ca2+ stronger increased foaming stability in water than 
glycerol, Mg2+ and sucrose respectively. Effect of each compound in a complex mixture showed that 
BSA, Na+, lactic acid and cellulose has foaming tendency in water while no foaming stability. Na-oleate 
and Na2+ showed strong foaming tendency, while butyric acid, acetic acid, Mg2+, SDS, peptone, gelatine 
and BSA showed foaming stability in POME. In contrast oil palm had a decrease foaming stability in 
POME. In AD found that highest methane production about 11.15-15.95 L-CH4/L-POME and yield about 
179.05-256.08 mL-CH4/g-VS added. Na
+, acetic acid and NH4+ were obtained highest production and 
yield methane. While BSA, gelatine, oil palm and lactic acid was promoting foaming stability.  
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